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INTRODUCTION 
Eco-balancing 
The approach of regional eco-balancing combines 
the classical landscape planning (predominant! y for 
the protection of environmental compartments and 
recreation properties as zones in landscapes) with a 
balancing of a distinct, but - in terms of environ­
mental protection - broad set of environmental 
indicators for (effect) eco-balances. Hence the latter 
becomes spatially related. By tak:ing on board the 
district administration and establishing an infor­
mation system a high practical relevancy and 
acceptance of the final users can be achieved. Aim 
is a system to balance environmental impacts in a 
map scale of 1 : 10.000 - 1 :50.000, in order to provide 
the dis trict adminis tration with tools for an 
environmentally sound and sustainable development 
of their region (see LENZ 1 997). 
In this context it should be mentioned that eco­
balancing is already since years a classical tool of 
ecological planning, but the term was successfully 
(re) introduced by business management because 
of the origin of balances in economy. Hence Life 
Cycle Assessments (LCA), process- or business­
eco-balance are much more often carried out by 
business managers than ecologist . If there are 
classical ecological planning units and procedures 
(e.g. regions,  landscapes, watersheds, and related 
tools like land consolidation) then we should 
consider the already developed approaches as well 
as the high importance of having "state of the art" 
ecological indicators . These indicators and the 
further quantification of their status are the basis of 
the quality of every ecological balancing, besides 
the tools provided by environmental informatics. 
Critical levels and loads as systems ' indicators 
The syndrom of forest decline is a very good example 
of a complex environmental systems reaction, and 
the urgent need to find the right but simple indication, 
also suitable for decision mak:ing. After more than a 
decade of extensive research, focussing on severa! 
possible pathways of damaging as well as scales, 
more or Jess two indication concepts - not only for 
forest decline but for ail possible damages due to air 
pollution - were implemented in european-wide 
negotiations on emission reduction: the critical levels 
and the critical loads concept. The systems regarded 
are plant species, vegetation and/or ecosystem types, 
forest soils, and water bodies. For those, critical 
levels, loads and threshold were established, based 
on widely agreed research results. In addition, targets 
for closing the gap of an exceedance of environ­
mentally based thresholds to be accepted by decision 
mak:ers are suggested (for details see CCE [4]) .  The 
whole concept is very consistent and allows to follow 
potentially harmful chemicals from the emission until 
effects, and vice versa. This needs spatial and 
temporal modelling, which can be performed on 
different levels of aggregation, depending on the 
availability of data and the accuracy aimed at. The 
effect-related indication ensures a broad scientific 
discussion and having "acts" , and the full description 
"from source to sink" allows to elucidate clearly the 
options for actions of the society in emissions 
reduction. Hence it is a good ex ample for an adequate 
reduction of the complexity of dealing with air 
pollution in a human-environment system - even if 
sorne aspects like biotic effects on an ecosystem-level 
should be improved further. 
INDICATORS AND ECO-BALANCES 
For material budgets (like nutrient status) and 
structural units (like biotops) a lot of scientific as weil 
as decision-oriented knowledge and methods are 
developed in order to minimize loads to protective 
goods .  While the approaches of environmental 
indicator sets (c.f. SETAC [5]) and, for instance, the 
AMOEBA method (Ten Brink [6]) are feasible and 
concrete examples for that, the (new) concepts of 
critical levels and loads are supposed to be real 
systems approaches which should be favored in the 
future (c.f. CCE [4] , SRU [ 1 ] ,  p. 103ft). In addition, 
the systems' indicators suggested are in general easy 
to be quanitified and delineated from already 
described information in protective goods like 
environmental compartments, and are adequate to 
assess what is called ecosystem health (Costanza [7]). 
Especially the critical loads approach is already part 
of the practice of Environmental ImpactAssessment 
in Germany (Gassner and Winkelbrandt [8]) .  
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These sources were the main basis for the following 
concept for regional eco-balances. We distinguish 
between three categories of indicators: The fust one 
refers to general demands of resources, combined 
with the specifie utilization. The second one balances 
the impact on functional environmental qualities .  In 
the third category we balance structural changes. 
Category 1 and 2 include indicators not only for a 
regional balancing, but a global one. Because of the 
Indicators Balance- / System-units 
Resource consumption/requirement 
Energy 
Energy requirement 
Energy efficiency and 
-substitution potential 
Water 
Substitution potential 
of drinking water 
Sustainability 
of groundwater usage 
Retention potential 
of water discharge 
Waste 
Waste amount 
and recycling potential 
A rea 
Area consumption 
Balance unit: municipality/region 
System unit: land use and 
housing types, industrial plants, farms, 
services of the municipality/region 
Balance unit: municipality/region 
System unit: land use and housing 
types, industrial plants, farms, 
services of the municipality/region 
Balance unit: municipality/region 
System unit: land use and housing 
types, industrial plants, farms, 
services of the municipality/region 
Balance unit: municipality/region 
System unit: well catchments, 
water protection- areas (zone 3),  
watersheds of the ri vers 
Balance unit: municipality/region 
System unit: well catchments, 
water protection- areas (zone 3), 
watersheds of the ri vers 
Balance unit: municipality/region, dumps 
System unit: land use type; waste caegory 
Balance unit: municipality/region 
System unit: land use type 
broadness both in terms of space - region, landscape: 
defined as a complex of ecotopes/ecosystems - and 
systems ' overall condition, we cali them landscape 
health indicators . 
The indicators for the balancing rules are listed and 
described in Table 1 (c.f. SRU [ 1 ]  p. 129, CCE [4] , 
Heijungs et al. [2] , Lenz [9] , [3], Lenz and Stary [ 10] , 
SETAC [5] , UBA [ 1 1 ] ,  WG Regional Eco-balance 
Pfaffenhofen [ 12]) .  
Calculation rules 
U se-energy: 
requirement heat + requirement power + 
requirement warm water 
required amount of energy sources (wood, coal, oil) 
Efficiency = energy output 1 input, 
share of substitution potential of own and renewable 
energy per land use type; own production 
and -potential (biomass, biogas, photovoltage) 
Water consumption; 
share of potential precipitation-/ grey water usage 
Groundwater renewal = precipitation 
· outflow + evapotranspiration/ interception 
Water uptake and renewal, 
infiltration and relief; 
usage- and site-specifie water retention in an area 
Waste per person; 
area/volume consumption of dumps; 
amount of waste, energy content and recycling potential 
Area of soi! sealing, volume of dumps; 
ratio area consumption to soil 
quality /yield potential and habitat quality 
Resource consumption 
raw materials: 
mining etc. 
Balance unit: areas with raw material resources 
System unit: mining areas and effected 
groundwater; natural regional (sub) units 
A mount and rate of material mining; degree of refilling: 
biotope restoration and construction; 
construction of lakes; impact on groundwater 
Functional impact on the environmental quality 
Critical Levels 
Nüx. NH4• so2• o3 o 
v oc 
Balance unit: municipality/region 
System unit: isolines of immissions 
(delineated from monitoring stations), 
receptor types and areas 
AOT 40 (accumulated exposure over a threshold of 
40ppb); 
damages to plant species; damages to buildings 
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Critical Loads 
Potential input of total 
acidity into terrestrial 
ecosystems 
Potential input of total 
nitrogen into terrestrial 
ecosystems 
Potential input of total 
activities; 
nitrogen into 
groundwater 
Potential eutrophication 
of surface waters 
(P/N-load) 
Balance unit: forested areas 
of municipality/region 
System unit: forest type + weathering rate 
Balance unit: forested areas 1 
extensive grassland of municipality/region 
System unit: forest and grassland types 
+ weathering rate 
Balance unit: weil catchments, 
water protection- areas (zone 3) 
System unit: land use types 
Balance unit: ali river types 
System unit: land use types, 
river companments 
Further (mainly) functional impact on the environmental quality 
Photochemical ozone 
creation potential 
Ozone Depletion 
potential 
Global Warrning 
Potential 
Human-and ecotoxico­
logical Potential of 
chemicals,radioactivity, 
dust, heavy metals 
Pesticides 
Sewage mud 
Noise exposure 
Site-adequate farrning 
Ecological 
yield potential 
Soi! sealing 1 erosion 
Bio-climatic potential 
Impact on 
landscape scenery 
Balance unit: municipality/region 
System unit: land use type 
Balance unit: municipality/region 
System unit: land use type 
Balance unit: municipality/region 
System unit: land use type 
Balance unit: municipality/region 
System unit: locations of emissions 
and land use types vs. receptors 
Balance unit: municipality /region 
System unit: locations of pesticide and sewage 
mud application vs. critical load 
Balance unit: municipality/region 
System unit: noise sources vs. receptors 
Balance unit: municipality/region 
System unit: agricultural land use types 
Balance unit: natural regional (sub) units 
System unit: ecosystem types 
Balance unit: municipality/region 
System unit: land use types 
Balance unit: municipality/region 
System unit: fresh air zones and catchments 
Balance unit: municipality/region 
System unit: landscape scenery units 
Structural impact on the environmental quality 
Endangerment of 
species 
programmes 
Balance unit: municipality/region, quadrants ofTK 25 
System unit: Species 
Habitat sizes, -qualities Balance unit: natural regional (sub) units 
-distances ,  System unit: mapped biotops/habitats 
-interconnectivity 
Ecosystem potential, 
-diversity 
Balance unit: natural regional (sub) units 
System unit: Ecosystem types 
Open stand concentration multiplied 
with deposition factor; 
weathering rate ( critical load) 
Open stand concentration multiplied with deposition factor; 
weathering rate; empirical value for nitrogen 
(critical load) 
Changes of ground water quality due to land use 
N-leaching madel 
Surface runoff and sediment load; 
water quality of sewage against water quality of river 
Emission of Ethylen-equivalents (kg) 
Emission of FCKW R I l -equivalents (kg) 
Emission of CO -equivalents (kg) 
l 
Thresholds for humans, and environmental 
compartments (air, soi!, water; terrestrial ecosystems, 
aquatic ecosystems) 
Amount and critical load of pesticide application; 
sewage mud application; 
even tua! requirement of space for deposits 
Traffic load of roads (DTV), noise zones; threshold 
values for noise exposure time 
Land use suitability, derived from site factors; 
comparison with actual land use 
Yield potential, derived from site factors; 
comparison with actual yield 
Erosion mode!; USLE (Uni versai Soi! Loss Equation) 
versus soi! specifie targets 
Fresh-/cold air flows and catchments and land use types 
in this areas; changes 
Zones of visibility of elements (high voltage !ines, 
highways and roads, power plants); changes 
Endangerment and protection status from mapping 
(flora, amphibians, reptiles, mammals, birds); red data book 
Comparison of actual species-and habitat 
quality/potential of ecosystem types; 
comparison actual/optimal habitat quality 
habitat requirements of indicator species; 
critical distances and interconnectivities 
Site units; ecosystem types and series; 
detection of changes by comparison of potential with actual 
Table 1: Indicators, balance- and system-units and possible calculation rules (for municipalities, districts and regions) 
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Explanations for Table 1 
ln di ca tors or key parameters in case of an eco-balance 
are used to express the state and the eventual deviation 
of the actual environmental situation from an 
environmental quality standard. If there are no clear 
standards , a trend description will be given. fu general, 
factors and processes of an environmental system are 
used to judge an impact which causes a harmful 
reaction or even changes in structures (SRU [ 1 ]) .  
System units are areas (systems) of the same 
parameterization, e .g .  agricultural sites or habitat 
types. Hence they are the smallest homogenous areas 
to be balanced. In order to get a balance for an 
administrational or natural unit they have to be 
summed up. 
Balance units are covering the total of system units 
for which assessments and calculations of the 
indicator status are done. In general, balance units 
are operations, municipalities ,  districts, regions, or 
na tura! regional (sub-) units like watersheds , 
wetlands o.a . .  
The tirne steps of  balancing are main! y years - like 
an annual reporting of the state of the environment. 
They can also be event driven or even being at any 
time, if there is any good reason like an expected 
impact or new standards. 
The indicator set can and even should not give a 
final evaluation of the environmental situation in 
terms of measures to be undertaken, but help to 
assess any impact on the whole environment on a 
scientific basis : from goal definition (scoping) via 
inventories, balances of goods and activities itself 
until an effect balance. Any subsequent recomm­
endations for measures and/or optimisations have 
to be elaborated in decision making processes and 
further planning activities like scenarios, tests of 
alternatives etc. This can be supported by the 
adequate choice of indicators, e .g .  if they are 
response indicators as weil as ones to be easily 
managed. Such kind of indicators are in general 
highly integrative as weil as sensitive, e.g. energy 
efficiency, which triggers also emiss ions of 
greenhouse gases and various other further effects. 
But last not !east we have to consider the acceptance 
of the indicator sets and the balancing rules 
suggested. Hence the administration has to be 
involved in the whole discussion from the very 
beginning. 
A further and important aspect is related to the need, 
not to think and act sectorally but holistic . Therefore 
any impact should be balanced for ali indicators in 
order not to neglect any side effects or effect chains . 
This fits also to the Environmental Impact Laws, 
which stick to the effects on environmental media 
and eventual effects due to interrelationships .  
WORKING STEPS AND METHODS 
The project is dived into 5 overlapping phases (A -
E), which are subdivided by working steps 1 - 4) : 
A: Making a list of indicators ( 1 )  and utilization types 
(2). Making an inventory of environmental data in the 
district (landscape plans, species- and bio top pro gram, 
biotop protection program, etc . ) ;  B :  Sorting data 
according to impacts ( 1 )  and calculating the status of 
sorne indicators (2), setting up a database structure (3); 
C: Formulating calculation rules on basis of available 
data, and prograrnming ( 1 )  as weil as irnplementing a 
user interface (2); D: Application of methods in sorne 
test areas in order to validate calculation rules. It is 
planned to apply the rules in sorne watersheds and 
municipalities within the whole district (1) .  fu this areas 
we calculate also scenarios (2); E: Evaluation of the 
tests, overview of ali calculation rules (modules) ( 1 ), 
calculations in the whole district (2) with different 
szenarios (3) as weil as documentation and handing 
over the information system to the district admi­
nistration (4). Evaluation of the information system 
for an application in other districts (5). 
The specifie interests of the district have to be taken 
into account from the very beginning. Hence, this 
regional eco-balance as a new form of forward­
looking landscape planning as weil as an infor­
mation system, adapted to the interests of a district 
administration, is sorne kind of mode! for an 
environmentally sound and sustainable land use 
planning. 
TECHNICAL DESIGN 
There are four groups working together as WG 
Regionale Okobilanz Pfaffenhofen :  the admi­
nistration of the district Pfaffenhofen; the institute 
for applied research in Nürtingen (IaF); the planning 
office Schaller at Kranzberg (PbS); and the engineer 
office for landscape informatics (ILl) at Freising. 
To develop and to implement the information system 
we have a three years sponsering, ending in May 
1 999. 
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The technical instrumentation is based on a client ­
server concept, using windows NT and ISDN. The 
server is located at ILl and does have access to the 
clients at the district administration, the laF and the 
PBS .  There are three major interlinkages to be 
established (see LENZ [3]) :  
GIS (ArcView) - HTML - DBMS (Access) 
When starting the ArcView-projects, simultanously 
Netscape will be started, and the HTML-page, 
which gives later on the access to the choice of 
maps, will be written (dynamical generation). 
Establishment  of new v iews!layoutslthemes : 
ArcView :f: DBMS :f: HTML 
Wh en in Arc View one of the documents i s  
elaborated, three steps while storageing will follow: 
1 .  In the DBMS the following inscriptions will be done: 
author, date of establishment , last change, name of 
ODB-files (name be put together from date and time). 
2 .  Storage of the new document takes place as ODB­
file (ODB-export) with the corresponding name. 
3. The HTML-page, which contents the register of 
maps and themes, will be updated with an Avenue 
(which is the programming language in ArcView) 
script (as line file of the corresponding HTML-syntax). 
Cali of existing viewsllayoutslthemes: HTML :f: 
ArcView :f: DBMS :f: ArcView 
1 .  Via Netscape a selection of the view /layout/ 
theme will be carried out. The chosen name will be 
delivered to a VisualBasic-file (communicate.exe). 
2. VB-programm will call an Avenue-script and 
delivers the (view/layout/theme)-name. 
3. ln the DBMS, with this name the ODB-file will 
be searched. 
4. The ODB-file will be loaded and displayed 
(ODB-import) 
Dokumtentation of a theme : HTML :f: ArcView:f: 
HTML 
1 .  In order to get information over an active theme, 
on the HTML-page ,documentation" has to be 
selected. This calls the YB-file, which starts an 
Avenue-script. 
2. Via the script the HTML-documentation-page 
will be generated dynamically. 
3. The HTML-page will be displayed. 
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OUTLOOK 
Harmonized indicator sets 
As mentioned above there is a broad discussion on 
environmental indicators since many years, and 
despite the fact that many of the indicators or even 
indices are well established, a great variety in details 
is still present. Most probabely this situation will 
never change, already because of poli ti cal reasons, 
and availability of data. If we look at environmental 
monitoring, landscape planning and environmental 
impact assessments and its variety at least in 
practice, we can easily understand this judgement. 
In addition, there are also different evaluation 
approaches in which indicator sets are used, like 
the immission-threshold-method, the material-flow­
method, the effect-related classification, the enviro­
accounting-method, the ABC-method, and many 
others (see review of Hofstetter and Braunschweig 
[ 1 3]) .  
The indicator set  in Table 1 is very similar to the 
one developed from the CML (Heijungs et al. [2]) .  
l t  is  an effect-related classification and hence more 
scientifically based than socio-economically and 
politically accepted. 
Indices for the environment like in the economy 
In biology as well as in economy there is a broad 
use of indices, but it seems that in economy the 
systems to be indexed and the units of the measured 
values behind, allow much more easily for a 
reduction of complexity. On the other hand, also 
the economie and public interest leads to the 
establishment of highly integrating indices like Dow 
Jones or the German Share Index (DAX) to describe 
national economie trends. 
A very first step into an ecological-economical index 
was made for instance by the so called NAX - Nature 
share index of German y. Here simply the shares are 
from green economies, and the rest of the index­
building is nearly the same as for the DAX. Hence 
this index is representing the state of green economy. 
If interest and awareness to environmental issues 
would further increase, could we expect also such 
kind of indices for the state of the environment? 
One prerequisite to be taken into account should be a 
further harmonization of indicator sets, if we would 
like to mix environmental media related assessments 
(like saprobia index for water quality, air quality indices 
etc .) into one single index. But even if we should 
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succeed, the problem of having different ,currencies" 
(endangered species per region; nitrate concentration 
per liter groundwater etc.) and no agreed ,exchange 
rates" (how many more species are as much worth than 
a reduction of nitrate by 50 % ?) would remain. In 
environmental planning a lot of efforts were undertaken 
to defme matrices for adequate weighing and mixing, 
but still a direct comparison of ,apples with piers" must 
remain an exception. Like in many other cases in history 
we have to fmd an independent, maybe new currency 
in order to create comparability (for instance 1 ELU 
(Environmental Loads Unit) is equal to 1 ECU 
(European Currency Unit), as it is suggested by the 
EPS Enviro-accounting Method from Steen and Ryding 
[ 14]) . An other solution could be to take the difference 
between actual index and a targeted one, and to express 
that as percentage. In principle, this gap-percentages 
(or theoretically also exceedances) of ail indices could 
be (weighted) summed up, and the further procedure 
would be like for economie indices: taking a baseline 
year, setting the index to hundred (and defining an 
increase as a positive development), and calculate the 
index as (weighted) mean over certain tirne steps. Of 
course ,  we would need more agreed standards ,  
thresholds and targets, and especially for biotic aspects 
we still need to have even the right indicators. A very 
good example in this direction, concerning on1y air 
pollution abatement strategies was developed by CCE 
( 1995). But if for instance German y would defme these 
environmental quality airns - and even if they would 
be (hopefully) region-specifie and still under alteration 
due to ongoing social discussions - a "German 
Environment Index" (DUX) could be tested. 
A more clear and already feasible approach would 
be the separate calculation of each indicator or index 
e.g. year by year, as it is suggested by our example. 
In order to detect eventual interaction between the 
index environmental media, it should be a must to 
calculate ail indices afier any impact at the same time. 
May be we ne ver reach the sirnplicity of economy (or 
is this already an insinuation?) in order to follow sirnilar 
indexations for ail environmental aspects. But if we 
define our systems and issues clearly, and make every 
calculation as transparent as possible, we could inform 
the public more easily, and further enhance awareness 
and education for environmental issues. 
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